A search for faint slowly variable objects was undertaken in the hope of finding QSO candidates behind the Small and Large Magellanic Clouds (SMC and LMC). This search used the optical variability properties of point sources from the Magellanic cloud OGLE-II photometric data. Objects bluer than V −I = 0.9 and within 17 < I < 20.5 were studied. Robust variograms/structure functions have been computed for each time-series and only candidates showing a significant increasing variability over longer time scales were selected.
Introduction
The main motivation of this study is to find QSOs behind the Magellanic clouds. Few QSOs behind SMC and LMC are known. Several previous studies have reported such discoveries with their associated coordinates, but none of them was in OGLE fields. However more recently, Dobrzycki et al. (2002) found four new QSOs thanks to spectroscopic observations of the optical counterpart of X-ray sources. Those four candidates were observed by OGLE-II.
Other studies have been undertaken for several years by the MACHO group (Geha et al. 1999 , Drake et al. 2001 . They found about 30 QSOs behind LMC, but have not yet published their coordinates.
QSOs can be useful for different purposes, for example: for fixing the coordinate system in proper motion studies of LMC, SMC or foreground stars; for mapping the interstellar material in the Magellanic Clouds.
The optical variability properties of QSOs are not very well known. Some efforts are underway to remedy this situation; for instance AGNs are monitored in 11 passbands by Kobayashi et al. 1998 (MAGNUM project) .
Most QSOs are variable (Cristiani et al. 1996) . Discovery of QSOs have been achieved using their optical variability (Trevese et al. 1989 , Brunzendorf & Meusinger 2001 . We note however that only one QSO out of the four in Dobrzycki's studies was classified as a variable in OGLE-II. This is mainly due to the faintness of the three other objects (about V ≃ 20) and the resulting large errors (≃ 0.1) in the OGLE-II photometry.
We exploit the variability properties of QSOs since photometric data of OGLE-II is in public domain and offers a 4 years observing period with about 300-400 data points per object in I-band and about 30 in B and V -bands.
From SDSS, we know (Strauss 2002) that there are about 5 QSOs per square degree brighter than i = 19 mag. The number is smaller by a factor 5 per magnitude. As SDSS imag is approximately I-mag, a cut I > 17 will exclude one or two QSOs in all fields together, and therefore seems a sensible limit. We should expect to find about 30 QSOs behind the SMC and LMC brighter than I = 19 mag.
Selection criteria
A schematic description of the different selection criteria can be found in Fig. 1 . The criteria are described in the following sections.
Selection on photometry
The OGLE-II experiment measured a total of 9 million stars in the direction of the Magellanic clouds. The LMC catalog lists 7 million star coordinates covering 5.7 square deg and B, V, I photometry (Udalski et al. 2000) , and SMC data catalog lists 2.2 million star coordinates covering 2.4 square deg (Udalski et al. 1998) . The colour-magnitude diagrams for the stars observed by OGLE-II (subsample selected randomly) and for the variable stars (see Fig. 2 ) have different distributions. The variable star catalog lists 68'000 stars: 53'000 for LMC and 15'000 for SMC, (cf.Żebruń et al. 2001) . The variability analysis covered 21 fields (4.5 square deg) out of 26 fields for LMC data (the LMC fields 22 to 26 were monitored only on 13 nights). The pipeline for the OGLE-II analysis using Difference Image Analysis and the criterion for selecting the variable stars are described by Woźniak (2000) . The two lower diagrams of Fig. 2 (left LMC and right SMC) are quite stunning. Though we recognize variables from the red giant branch (right border of the diagram), RR Lyrae stars (spherical clump at I = 18.7 and V − I = 0.55 for LMC, mostly too faint in SMC), Cepheids (the rather vertical clump/strip above RR Lyrae stars), the B variable stars (left border), we also notice that the main sequence seems to separate in two branches, that a population of very bright variable objects forms a strip (to the right of Cepheid strip), and that the red giants are quite clumped (we further point out that the red giant tip produces a discontinuity between the giant branch and the asymptotic giant branch). Those aspects will be studied in a separate article. For our purpose, we want to explore the lower part (I > 17) of the colour-magnitude diagrams (see dashed lines of Fig. 2 ). The magnitude cut selects, for the LMC data, a population of main sequence blue variables, RR Lyrae stars and red giant stars. Some short period Cepheid are included in the selected sample of SMC data because it is further away and has a lower metallicity.
In order to reject the time series of the red giant branch variable stars which may also have slow variations as QSOs do, we select objects bluer than V − I = 0.9 and we also select the objects brighter than I = 20.5. To avoid any misidentification problem, all stars which have a position further than 1 pixel (0.417 arcsec) from the other determinations of position (matches of dophot and DIA position) were removed. We show in Fig. 3 the histogram of those distances. With these criteria, we get a first selection of 6241 objects for LMC and 1553 objects for SMC out of the samples of 53'000 (LMC) and 15'000 (SMC) variable objects.
Selection on time variations
It is known that generally QSOs have little variability at short time scales, and that the variability, though irregular and aperiodic, is increasing when longer time scales are observed. We note however that the BL Lac objects could have a variability of several tenth of a magnitude on a day to day basis.
The criterion of selection is an increase of variability for time scales longer than 100 days and the employed mathematical tool is the variograms/structure functions. This permits us to determine the time scale of the variations in a given signal (Hughes et al. 1992 , Eyer & Genton 1999 . All pair differences of time, h ij = JD j − JD i (h is the lag; JD is the Julian Date) and squared pair differences of magnitude, (I j − I i ) 2 , are computed.
Given a lag h, we compute the median of the subsample, 2γ med (h), of (I j − I i ) 2 formed by all possible pairs i, j such that h ij < h. It gives an estimation of the spread of the distribution formed by the I j − I i . We call this function variogram. If the distribution of the I j − I i is symmetric then the square root of 2γ med (h) is the interquartile range of the distribution of the I j − I i . For an example see Fig. 4 . The slope of the variogram can be used as a discriminating criterion for selecting the time series where variability is increasing as longer time scales are observed.
We reject objects whose variogram has a computed slope for h ≥ 100 days smaller than 0.1. This limit was established empirically and also studied by doing Monte Carlo simulations on the SMC data. If all the signals are composed of pure Gaussian noise, then selecting the slope higher than 0.1 would select less than 0.1% of the time series. As an other example, if all the signals were periodic with period of about 10-11 days, the criterion of the slope higher than 0.1 would select less than 0.2% of the light curves. This threshold will generate only a small number of false detections. On the other hand, a signal with a period between 250 and 300 days would be selected with this slope criterion with a proportion higher than 99.9%.
The variable QSO, behind LMC, OGLE050833.29-685427.5 discovered by Dobrzycki et al. 2002 has its variogram displayed in Fig. 4 . It is clearly selected by our criterion.
By applying the slope selection criterion, the list of QSO candidates shortens to 649 objects for LMC and 179 for SMC.
QSO and Be star colours
Fig. 5 is a colour-magnitude diagram of the variable stars and the selected objects in the SMC and LMC. We see that there is a very high density of points towards the location of the main sequence. The magnitude, colour, as well as the light curve, allow us to identify them with γ Cas stars/Be stars. For a full discussion of Be stars in SMC, see Mennickent et al. (2002) . The variation in different bands gives further clues for the identification of eruptive Be stars: notice that in the brightening phase the star is becoming brighter in the I-band (cf. Fig. 6 ).
For the SMC data, we have the data of Zaritsky et al. (2002) which contain U-band photometry. We plot in Fig. 7 the colour-colour diagram (U − B, B − V ). We recall that the Johnson U-band is unfortunately covering the Balmer discontinuity at 3647Å and is not optimal as would be the SDSS bands, for example. This type of diagram is helpful to identify QSOs (see Fan 1999) . Though QSOs have colours in B − V like RR Lyrae stars, they are brighter in the U-band and can be generally distinguished from stellar locus (more precisely from A-F stars). There are some other degeneracies, with white dwarfs, and Be stars for instance.
As we do not have U magnitudes for LMC data, we want to devise a method applicable to both clouds, which could be checked more thoroughly with the SMC data.
There is a complication already mentioned above: the Be stars during their eruption phases become redder and therefore may enter the domain of the QSOs. A compromise has to be taken to delineate a reasonable colour cut in B − V .
As B stars are generally bluer than QSOs (in B − V colour), we can put a threshold on B −V colour on the QSO blue side. We are using the colours of the QSOs measured by SDSS (Richards et al. 2001) , to transform the g − r colour in B − V using the transformation given by Fukugita et al. (1996) . For the red side of the Be stars, we use the data of Mennickent et al. (2002); we selected their Type 1 or Type 2 Be stars. We clearly want to reject very few QSOs and reject many Be stars. Putting the cut at B − V = 0.04 seems a satisfactory compromise since it rejects 87% of Be stars and rejects less that 1% of the QSOs.
Undesirable effects, artifacts and problems
Some time series are selected due to undesirable effects, some of those are spurious, others are intrinsic to the star:
• Some regions of the CCD chip have a larger number of variables than average. We show in Fig. 8 the case of LMC and SMC where all variable star positions are plotted in CCD coordinate system for the 21 and 11 fields all together respectively (see especially for LMC at the left edge of the CCD, as well as some horizontal lines. Some features appear only in one field; others are present in several fields. The field LMC SC2 has many perturbations). In Fig. 9 , we present the time series of one star located in a suspicious region, which has a yearly pattern. The SMC fields are less perturbed.
• Brighter or dimmer step-like variation in the data, see. Fig. 10 . The identified cause was the realuminisation of the mirror which occurred between 19 Jan 1999 and 22 Jan 1999 (JD: 2451197 -2451200 days).
• Some objects near a bright star can become variable because of a bleeding column or extended wings of the bright star. We computed the distance from the object to the nearest pixel with counts exceeding 30'000 and removed the objects with such a distance smaller than 50 pixels.
• Small real or spurious monotonic slopes were removed.
• Certain objects are appearing several times because of field overlap. Those were identified and only one was kept.
• The OGLE-II team flagged certain objects as uncertain (Żebruń 2001) . Those cases were nearly all removed from our list.
• Some stars show periodic variations on short time scale in addition to trends at longer time scale. Those stars were removed from the list.
3. Results and discussion
SMC data
The number of objects selected (see section 2.1) with the magnitude and colour cuts was 1553. With the criterion on time scales, we should expect that the errors of false detection are very few. The number of selected objects is 179, we introduce the cut on B − V > 0.04 which reduces further the number to 45. This is a small number of objects and can be easily investigated on individual time series.
There are 15 QSO candidates that are listed in Table 1 which contains a total of 25 entries (selected manually). Six objects are identified as Be stars (identified with colour changes), four objects are left without identification. We present the light curves of those objects in Fig. 11 .
The object OGLE003850.79-731053.1 is rather bright I = 16.8. However it was selected because its I-mag mean in the catalogue was of 17.077.
LMC data
The number of objects initially selected for the LMC data is rather high 6241. By applying the same time scale criterion as we have for the SMC, we get 649 objects. This LMC fraction of 10.4% is slightly lower than the SMC fraction of 11.5%. The stars initially considered are not completely similar since the SMC is further away while the magnitude and colour cuts are identical for the two clouds. Therefore the selection criterion based on time scale rejects the RR Lyrae stars for the LMC which are not present in the SMC and rejects the short period Cepheids from the SMC which are too bright to be in the LMC. However, RR Lyrae stars showing a Blazhko effect are sometimes selected.
The selection on colour, B − V > 0.04 cuts the sample by half to 312 stars. In SMC the sample was cut by one third. This is more surprising. The population of Be stars in LMC seems therefore to have a redder extension in B − V colour than the SMC population.
We decided to select manually the 312 stars on individual basis thereby eliminating the undesirable effects mentioned in section 2.4. However, we conserved 2 cases classified as uncertain and also 3 objects with a distance smaller than 50 pixels to a saturated star.
We end up with a list of 155 candidates see Table 2 . and we can see their light curves from Fig. 12 to Fig. 16 . A manual selection gives 118 QSO candidates, 30 Be stars and 7 unclassified objects.
Conclusion
The main result of this study shows that it is possible to establish a rather narrow list of QSO candidates using mostly photometric times series in the optical wavelengths. However confirmation with spectroscopic data is needed. We list 118 and 15 QSO candidates for the LMC and SMC respectively.
Once the QSOs are eventually identified, we will be able to fine-tune the algorithm to select QSOs more efficiently.
OGLE-II may give hints of how a sampling could be programmed in order to optimize the detection of QSOs from a variability point of view.
From the study of Dobrzycki et al. (2002) , we remark that to select QSOs is not a trivial task. From about one hundred candidates, the 30 best objects were selected for spectroscopic follow-up and 4 objects were confirmed as QSOs.
In a mission like GAIA (Perryman et al. 2001) , the number of measured objects is estimated to be of the order of one billion, the distinction between QSOs and stars is subject of study with the current photometric system and astrometric precision (Mignard 2002) . Variability could be used as an additional criterion for selecting QSO candidates and therefore diminishing further the rate of false detection.
This study is one additional example, that multiepoch surveys like OGLE, MACHO or EROS originally oriented to detect microlensing events can be used in many different fields of astronomy. The scientific outcomes of such surveys are often unexpected.
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